(19) 



J 



Europalschea Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

16,06.1999 Bulletin 1999/24 

(21) Application number: 98309795.7 

(22) Date ot filing: 30.11.1998 



(n) EP 0 922 488 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI 6; B01J 2/00 



(84) Designated Contracting States: 


(72) Inventor: Liao, Liefan, Nara Machinery Co., Ltd. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyo 143-0002 (JP) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: Smith, Norman Ian et al 


AL LT LV MK RO SI 


f J CLEVELAND 




40-43 Chancery Lane 


(30) Priority: 01.12.1997 JP 34579097 


London WC2A 1JQ (GB) 


(71) Applicant: Nara Machinery Co., Ltd. 




Ohta-ku, Tokyo 143-0002 (JP) 





(54) Composite solid particle and a method for producing same 



(57) The present invention relates to a composite 
solid particle obtained by attaching or sticking fine par- 
ticles on the surface of a solid particle which acts as a 
core by application of an impact and then allowing a 



crystal or crystals of a fine particle component to grow 
on the core-fine particle combination with the attached 
fine particles acting as crystal nuclei. Also described is 
a production process for producing the solid particle. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to the field of sur- 
face-modified composite solid particles and a method 
for producing the same. 

Description of the Related Art 

[0002] Japanese Patent Publication No. 3-2009, de- 
scribes a production process for a composite solid par- 
ticle for the purposes of preventing coagulation and dis- 
coloration and deterioration and improving dispersibility, 
catalytic effect and magnetic characteristics by fixing 
fine particles (hereinafter referred to as fine particles) to 
the surface of another particle which acts as a core 
(hereinafter referred to as a core particle). It has become 
possible to produce efficiently a functional composite or 
hybrid powder material (composite or hybrid powder) 
which is homogeneous and has stable characteristics 
by employing a high velocity gas stream impact method 
which is a dry particle compositing method requiring no 
organic solvent and no water, which is described there- 
in. 

[0003] However, in the composite solid particle pro- 
duced by the method described above, the fine particles 
are merely attached evenly on the surface of the core 
particle, and therefore a rough weight proportion of the 
fine particles exerting influence on an improvement in 
the functionality to the core particle depends on the sur- 
face area of the core particle and the cross section (pro- 
jected area) of the fine particle. In general, it is consid- 
ered that the maximum proportion by weight of the fine 
particles to the core particle is a proportion in which the 
fine particles cover the surface of the core particle only 
in roughly one layer. Thus, the maximum weight propor- 
tion of the fine particles to the core particle is calculated 
from: 

maximum weight proportion = (4rp1/RpO) X 100 % 

where r: is the radius of the fine particle 

R: is the radius of the core particle 

p1 : is the density of the fine particle, and 

pO: is the density of the core particle 

As a result thereof, if the radii and the densities of the 
core particle and the fine particles are fixed, the maxi- 
mum weight proportion of the fine particles is also fixed, 
and a weight proportion exceeding this can not be 
achieved, which brings about the problem that further 
elevation in the function can not be realised. Thus, the 
problem to be solved by the present invention involves 



this point. 

SUMMARY OF THE INVENTION 

s [0004] An object of the present invention is to solve 
these problems in light of the conditions as described 
above. 

[0005] A first aspect of the invention relates to a meth- 
od for producing a composite solid particle by fixing fine 
io particles to the surface of a particle which acts as a core, 
wherein the fine particles are fixed to the surface of the 
core particle to form a core-fine particle combination, 
and then a crystal or crystals of the fine particle compo- 
nent is allowed to grow on the core-fine particle combi- 
nation to fix firmly the fine particles to the core particle 
in a peel resistant manner. 

[0006] A second aspect of the invention relates to a 
composite solid particle obtained by modifying the sur- 
face of a solid particle by fixing fine particles to the sur- 
face of the solid particle which acts as a core to form a 
core-fine particle combination, wherein a crystal or crys- 
tals of the fine particle component has been allowed to 
grow on the core-fine particle combination to fix firmly 
the fine particles to the core particle in a peel resistant 
manner. 

[0007] The core-fine particle combination is mixed in 
a fine particle component solution to allow the crystal or 
crystals of the fine particle component to grow with the 
attached fine particles being used as crystal nuclei. 
[0008] The fine particle combination solution de- 
scribed above may be produced by causing the fine par- 
ticle component to react in a liquid phase. 
[0009] The fine particle component described above 
may be calcium monohydrogenphosphate. 
[001 0] The crystal of the fine particle component may 
be allowed to grow in an aqueous solution in which a 
hydrogen ion exponent (pH value) is adjusted to a range 
of 4 and 6, preferably between 4.5 and 5.8 and more 
preferably to 5.7. 

[0011] Calcium s monohydrogenphosphate can be 
generated by adding pyrophosphoric acid to a suspen- 
sion of calcium hydroxide to react them. 
[0012] In the particle obtained by allowing the crystal 
to grow by carrying out the process of the present in- 
vention, the content of the fine particles can be adjusted 
by the degree of the crystal growth, and therefore control 
can be effected such that the content of the fine particles 
can be freely increased. This has so far been impossible 
by a conventional fixing method. 
[001 3] When the crystal grows long as is the case with 
needle-like and columnar crystals, the surface area of 
the fine particle can be expanded significantly. 
[0014] Further, there can be obtained as well a com- 
posite solid particle in which needle-like and columnar 
crystals are connected to a core particle at a longitudinal 
end, which has so far been unobtainable by a conven- 
tional fixing method. 

[001 5] Thus a composite solid particle obtained by al- 
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lowing the fine particle component to grow as a crystal 
not only can improve and enhance various functions (for 
example, electronic and magnetic characteristics, opti- 
cal characteristics, thermal characteristics and biologi- 
cal characteristics) held by the fine particle to a large 
extent but also can raise the compression mouldability 
and the content-uniformizing characteristics. Further, a 
rise in the surface area of the fine particle can improve 
various reaction rates. 

[0016] The composite solid particle can be used for 
electric and electronic materials, magnetic materials, 
optical functional materials, medicines, cosmetics, bio- 
logical materials and construction materials. 
[0017] The invention will be described now by way of 
example only, with particular reference to the accompa- 
nying drawings. In the drawings: 

Fig. 1 is a photograph taken by means of a scanning 
type electron microscope of a composite (solid) par- 
ticle obtained by attaching calcium monohydrogen- 
phosphate on the surface of a nylon 12 spherical 
particle which is a core particle, 
Fig. 2 is a photograph taken by means of a scanning 
type electron microscope of a composite (solid) par- 
ticle obtained by allowing crystals to grow in an Ex- 
perimental Example, 

Fig. 3 is a photograph taken by means of a scanning 
type electron microscope of a particle obtained in 
Comparative Example 1 , and 
Fig. 4 is a photograph taken by means of a scanning 
type electron microscope of a particle obtained in 
Comparative Example 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] The core particle used for producing a com- 
posite solid particle in accordance with the present in- 
vention includes, for example, various cellulose and de- 
rivatives thereof such as crystalline cellulose, hydroxy- 
propyl cellulose and carboxymethyl cellulose, starches 
and derivatives thereof such as potato starch, corn 
starch, wheat starch, partially soluble starch and dextrin, 
sugars such as lactose, and synthetic polymers such as 
nylon, polyethylene and polystyrene. Further, there can 
also be used as the core particle, metal powders of iron, 
nickel, aluminum and copper, and inorganic matters 
such as alumina, zirconium and silicon carbide. 
[0019] The fine particle can be formed from materials 
having a characteristic of crystal growth , such as various 
crystalline inorganic compounds and organic com- 
pounds. 

[0020] The crystalline inorganic compounds include 
hydroxides halides, carbonates, sulphates, nitrates, 
phosphates, hydrogenphosphates and silicates of vari- 
ous metals. 

[0021] The crystalline organic compounds include 
crystalline chemicals such as ibuprofen, ketoprofen, in- 



dometacin, phenacetin, oxyphenbutazone, etheneza- 
mide, salicylic acid and benzoic acid. 
[0022] Further, when it is intended to obtain a com- 
posite particle in which a crystal of a metal oxide having 
s a very small solubility in water is allowed to grow on the 
surface of a core particle, the composite particle can be 
obtained by allowing the crystal to grow in the lorm of 
hydroxide, halide carbonate, sulphate, nitrate, phos- 
phate or hydrogenphosphate of metal and then calcin- 
ing it. 

[0023] Conventionally known methods can be em- 
ployed as a method for attaching or adhering the fine 
particles on the core particle. These include various me- 
chanical fixing methods such as high velocity gas 
stream impact methods described in Japanese Patent 
Publication No. 3-2009 and Japanese Unexamined Pat- 
ent Publication No. 6-210152. However, the present 
method is not restricted to the use of such methods and 
any method can be used so long as it can attach the fine 
particles to the core particle. 

[0024] The size of the core particle typically will be in 
a range of 0.5 u.m to 2 mm. When the high velocity gas 
stream impact method is used as the method for attach- 
ing the fine particles on the core particle, the core par- 
ticle having a size of less than 0.5 u.m floats in the gas 
stream, so that the necessary impact is difficult to trans- 
mit to the particle. On the other hand, il the size exceeds 
2 mm, the particle is liable to be broken by impact, so 
that it is difficult to obtain the prescribed quality, and the 
efficiency is not good. The shape of the core particle is 
preferably spherical or elliptical but may be other un- 
specified shape. 

[0025] The size of the fine particle is preferably 1/5 or 
less, more prefe rably 1 /1 0 or less that of the core particle 
in the case of the various mechanical methods (fixing 
method). To be specific, the particle diameter thereof is 
0.01 to 1 0 um When the high velocity gas stream impact 
method is used, the crystalline particle is selectively pul- 
verized in an impact chamber of a powder surface-mod- 
ifying treatment apparatus described later, and there- 
fore it does not specifically matter how big the fine par- 
ticle (substance to be fixed) is. 
[0026] A method for allowing a crystal to grow in- 
cludes a method for allowing it to physically grow such 
as vacuum deposition and a method for allowing it to 
grow in a vapour phase, a liquid phase or a solid phase. 
Any such methods can be used. For example, a liquid 
phase-growing method is a method in which a crystal is 
allowed to grow from a solution obtained by dissolving 
a fine particle material (solute) in a solvent in an super- 
saturated state. The solution of an supersaturated state 
can be obtained using a conventional method, for ex- 
ample, cooling a solution, evaporating a solvent, or ap- 
plying a pressure to a solution , or such reactions as sol- 
id-liquid, liquid-liquid, or vapour liquid reaction. 
[0027] When the fine particle is calcium monohydro- 
genphosphate (CaHP0 4 ) } this substance has a very 
small solubility in water (0.02 g/100 g at 24.5°C), and 
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therefore the crystal is allowed to grow in an supersat- 
urated state obtained by a reaction method (solid-liquid 
reaction method). For example, the crystal is suitably 
allowed to grow with calcium monohydrogenphosphate 
fixed on the core particle being used as acrystal nucleus 
while reacting a calcium hydroxide suspension with py- 
rophosphoric acid to form calcium monohydrogenphos- 
phate. In this case, the reaction liquid has a hydrogen 
ion exponent (pH value) adjusted to be in a range of 4 
to 6, preferably between 4.5 and 5.8, and more prefer- 
ably to 5.7. 

Experimental Example 

[0028] Next, an experimental example will be de- 
scribed. An experiment was carried out in which nylon 
1 2 was used as a core particle and calcium monohydro- 
genphosphate was used as a fine particle. 

Preparation of the core-fine particle combinations. 

[0029] A mixed powder of a core particle comprising 
a spherical particle (SP-500L type, manufactured by 
Toray Co., Ltd.) of nylon 12 having an average particle 
diameter of 50 jam and a fine particle comprising tabular 
calcium monohydrogenphosphate (manufactured by 
Wako Junyaku Ind. Co., Ltd.) having an average side 
length of about 50 u.m in a weight ratio of 10 : 1 was 
treated (treated according to the method described in 
Japanese Patent Publication No. 3-2009) on the follow- 
ing conditions by means of a powder surface-modifying 
treatment apparatus (NHS-O type, manufactured by 
Nara Machinery Co., Ltd.), whereby obtained was a 
core-fine particle combination in which calcium mono- 
hydrogenphosphate pulverized selectively in an impact 
chamber of the powder surface-modifying treatment ap- 
paratus described above was embedded and fixed on 
the surface of the nylon 1 2 spherical particle in the form 
of a fine particle to thereby allow calcium monohydro- 
genphosphate to be attached to the surface. A scanning 
type electron microscopic photograph of this core-fine 
particle combination is shown in Fig. 1. The conditions 
were 

charged amount : 10 g 
revolution number: 12000 rpm 
treating time : 5 minutes 

Preparation of calcium monohydrogenphosphate- 
generated solution: 

[0030] 0.7409 g of fine particle-shaped calcium hy- 
droxide (manufactured by Kanto Chemical Co., Ltd.) 
were added to a vessel charged with 100 g of purified 
water to prepare a calcium hydroxide suspension, and 
100 g of a pyrophosphoric acid (manufactured by 
Showa Chemical Co., Ltd.) aqueous solution having a 
concentration of 0.05 mol/l was slowly added to this sus- 



pension in 10 minutes while stirring. Next, stirring was 
carried out for 2 hours by means of a magnetic stirrer 
(RC-10 type, manufactured by Tokyo Rika Kikai Co., 
Ltd.), and then the reaction liquid was filtered (in order 

s to filter off large-sized crystals formed at an initial stage 
of the reaction and impurities) to obtain a calcium mono- 
hydrogenphosphate- generated solution in the form ol 
a filtrate. This generated solution was suspended. 
[0031] This generated solution was controlled to a pH 

to value of 5.70 by purified water and the pyrophosphoric 
acid aqueous solution described above. 

Formation of composite particle: 

is [0032] The calcium monohydrogenphosphate- gen- 
erated solution 50 g prepared above was put into a glass 
vessel charged with 100 milligram of the core-fine par- 
ticle combination prepared above to mix them well while 
shaking the vessel by hand, and then the vessel was 
20 tightly sealed and left to stand at 25°C. After seven days, 
obtained were composite solid particles in which crys- 
tals grew in a needle-like form with calcium monohydro- 
genphosphate embedded on the surface of the nylon 
spherical particle being used as a crystal nucleus. The 
25 solution was filtered, and. the filtered substances ob- 
tained were washed with water and dried, whereby the 
composite solid particles in which the fine particle com- 
ponent grew to crystals were obtained. A scanning type 
electron microscopic photograph of this particle is 
30 shown in Fig. 2. 

[0033] Even when some impact was given to the crys- 
tal-grown particle obtained above, the crystals did not 
peel off from the core particle, and it was confirmed that 
the crystals had grown in a firmly fixed state. 

35 

Comparative Example 1 

[0034] The same treatment as in the Experimental Ex- 
ample described above was carried out to try crystal 
40 growth, except that the mixed powder of the nylon 12 
spherical particle and calcium monohydrogenphos- 
phate in a weight ratio of 10 : 1 was not subjected to a 
fixing treatment by means of the powder surface-modi- 
fying treatment apparatus. A scanning type electron mi- 
45 croscopic photograph of a particle obtained as a result 
thereof is shown in Fig. 3. It appeared at first sight as if 
crystals grew on the core particle, but it was confirmed 
that the crystals were readily peeled off. 



[0035] The same treatment as in the Experimental Ex- 
ample described above was carried out, except that the 
generated solution prepared above was controlled to a 
55 pH value of 6.3. In this case, crystal growth was not ob- 
served. A scanning type electron microscopic photo- 
graph of the particle thus obtained is shown in Fig. 4. 
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Claims 

1. A method for producing a composite solid particle 
by fixing fine particles to the surface of a particle 
which acts as a core, wherein the fine particles are s 
attached or stuck to the surface of said core particle, 
and then a crystal or crystals of the fine particle 
component is allowed to grow on said core-fine par- 
ticle combination to fix firmly the fine particles to the 
core particle in a peel resistant manner. to 

2. A composite solid particle obtained by modifying the 
surface of a solid particle by fixing fine particles to 
the surface of the particle which acts as a core, 
wherein a crystal or crystals of the fine particle com- is 
ponent is allowed to grow on a core-fine particles 
combination to fix firmly the fine particles to the core 
particle in a peel resistant manner. 

3. A method according to claim 1 or a surface-modified 20 
solid particle according to claim 2, wherein the core- 
fine particle combination is mixed in a fine particle 
component solution to allow the crystal of the fine 
particle component to grow with said attached fine 
particles being used as crystal nuclei. 25 

4. A method or particle according to claim 3, wherein 
the fine particle component solution is produced by 
causing the fine particle component to react in a liq- 
uid phase. 30 

5. A method or particle according to claim 4, wherein 
the fine particle component is calcium monohydro- 
genphosphate. 

35 

6. A method or particle according to claim 5, wherein 
the crystal of the fine particle component is allowed 
to grow in an aqueous solution in which a hydrogen 
ion exponent is adjusted between 4.5 and 5.8, more 
preferably to 5.7. 40 

7. A method or particle according to claim 5 or claim 
6, wherein the solution of calcium monohydrogen- 
phosphate is produced by adding pyrophosphoric 
acid to a suspension of calcium hydroxide to react 45 
them. 
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